Aims: Influenza A virus (IAV) can cause severe acute respiratory infection (SARI), and disease outcome may be associated with changes in the microbiome of the nasopharynx. This is a pilot study to characterize the microbiome of the nasopharynx in patients hospitalized with SARI, infected and not infected by IAV.
| INTRODUCTION
Influenza A virus (IAV) infection is among the most common and major causes of human respiratory infection, presenting high morbidity and mortality worldwide, with hundreds of thousands of hospitalizations and deaths every year. 1 Hospitalized patients with influenza disease exhibit a variety of nonspecific influenza-like symptoms that may also be observed in patients with other respiratory infections. Hospitalization fatality risk is the probability of death associated with H1N1pdm09 cases in a cohort of individuals that required hospitalization for medical reasons. 2 While the influenza-like symptoms of flu patients are commonly considered as a measure of disease severity, and determine whether the patients suffer from a severe acute respiratory infection (SARI), hospitalization fatality risk during influenza virus infection has been underestimated. 2 Thus, the addition of other measures that could impact severity-such as the microbiome-should be explored.
The microbiome could be defined as the collective genome of the microorganisms that reside in an environment niche. 3, 4 Studies of the human microbiome have shown a remarkable diversity of microbes that occupy different habitats of the human body to establish a microbial community. 5, 6 These microbial communities seem to be structurally stable over time, and this stability of the microbiome composition has been associated with specific behaviors of individuals, such as observed on healthy smokers, 7 as well as to health condition of individuals, such as observed on patients with cystic fibrosis 8 or infectious disease. 9 The respiratory tract has been widely studied to understand the dynamics of respiratory infections. 10 While lung samples are not easily accessible, nasal and oral samples have been used for investigating and identifying microorganisms responsible for lung infection. 10, 11 Recently, comparative studies have shown that the bronchoalveolar microbiota may be better represented by a composition of oral and nasal microbiomes. 11 However, IAV H1N1 subtype is a respiratory virus, and its transmission typically comprises airway introduction and success infection of the upper respiratory tract (URT).
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The microbiome of the URT is susceptible to disruption by pathogens. Influenza A virus infection, for example, has been shown to modify the community structure of the microbiome 13 and to lead to the outgrowth of pathogenic bacteria. 14 Proteobacteria, Firmicutes, Bacteroidetes, Actinobacteria, and Fusobacteria are common phyla found in variable proportions in the URT of healthy individuals. 15 Even pathogenic bacteria can be present at low abundance in established communities. 5 A specific ecological perturbation can, however, change the bacterial community structure, leading to local or systemic infection by both bacterial and viral pathogens, 16 All 16S rRNA gene reads produced by high-throughput sequencing were subjected to quality control to retain sequences with a minimum length of 100 bp and were trimmed to remove low-quality bases (minimum Phred score of 30) using PRINSEQ. 23 Also, duplicated sequences were identified and sorted by decreasing read abundance and then filtered to exclude singletons, using USEARCH v7.0.1090. 24 Clusters were assembled using a minimum identity of 99%, and chimeras were removed using the RDP reference database. 25 Taxonomic assignment was obtained using QIIME v1.8.0, 26 and operational taxonomic units (OTUs) were selected on the basis of 97% sequence similarity. Taxonomic data were generated through the classification algorithm using the 97% OTUs version of GreenGenes 13.8. 27 The default parameters of QIIME v1.8.0 were used for the alignment of OTUs (pyNAST) and to generate phylogenies (FastTree). Rarefactions of the OTU table were performed on 10 steps of 500 sequences of subsampling for a maximum depth of 5000 sequences. Alpha diversity metrics were calculated using QIIME v1.8.0. Multiple rarefactions were performed for Chao1 (species richness), Shannon (the entropic information of the abundances of observed OTUs), Simpson_e (evenness), and Equitability. Beta diversity analysis was calculated using unweighted UniFrac. The principal coordinate analysis (PCoA) was generated to observe differences between groups, and the results were visualized using EMPeror software. 28 
| Statistical analysis
Statistical analyses were done using SPSS 20.0 (IBM, USA). Data were presented as relative frequency or median and interquartile ranges.
The Mann-Whitney U test was used to compare the diversity between groups. Values were considered statistically significant when P < .05 (2-tailed test). To determine if ecological features could differentiate the IAV patients and non-IAV patients, we measured the Shannon index for bacterial diversity, the Chao1 index for bacterial richness, and the Simpson_e index for evenness. An Equitability measure was also applied to determine the distribution of OTUs observed ( Table 2) .
No statistical differences were observed for Shannon (Mann-Whitney U test; P = 1.000), Chao1 (Mann-Whitney U test; P = .631), Simpson_e (Mann-Whitney U test; P = .522), or Equitability (Mann-Whitney U test; P = .749) between samples of IAV patients and non-IAV patients.
| The genus Pseudomonas is associated with non-IAV hospitalized patients
The taxonomic classification of the sequences for these 12 samples revealed the nasopharynx to be colonized by 9 bacterial phyla, albeit not all simultaneously. A comparison between IAV patients and non-IAV SARI patients showed significant differences in the frequencies of Proteobacteria and Firmicutes.
At 97% similarity, the sequences matched 110 different OTUs, from which 52 (47.2%) had frequencies above 1% of the total reads.
Ten of the 12 samples had at least one-third of the total reads overrepresented by 1 genus. In general, the most abundant bacterial genera found across samples were Prevotella (at an average relative abundance of 15.8%), Pseudomonas (11.7%), and Streptococcus (9.5%). Significant differences between IAV and non-IAV groups were seen for 15 genera (Figure 1 ). At all taxonomic levels, the sequences that could not be classified to known taxa ranged from 1.4% to 16 .9% of the total reads, and no significant differences were observed. In this study, both IAV patients and non-IAV patients exhibited a great bacterial diversity in the nasopharynx, and the average number Thus, despite the fact that pathogenic bacteria (such as Staphylococcus)
are frequently present in the nasopharynx of patients, infection of URT depends on a complex interplay involving bacteria-virus-host interaction. 10 These competitive interspecies interactions based on negative and positive association still needs to be better understood.
FIGURE 2
Clustering of samples by similarity and diversity via PCoA. Clustering of patient samples by bacterial diversity using unweighted UniFrac. White circles represent the centering of the 3 most frequent genera plotted using BiPlot on the basis of summarize taxa table generated on QIIME v1. An association between IAV and Pseudomonas was previously reported, suggesting that IAV infection may facilitate the establishment of this pathogenic bacterium in the lower respiratory tract. 33 In our study, however, we did not find evidence for such association. In fact, the genus Pseudomonas was identified in only 2 of 6 IAV samples (IP5 and IP6) and at a very low relative abundance (less than 1%), whereas it was found at a high relative abundance in all non-IAV samples. Pseudomonas is a bacterial genus related to several human infections, and it has been considered an opportunistic pathogen present in the respiratory tract of humans. 34 Some species of this genus are able to produce a biofilm and express flagellum protein as well as several other adhesins, such as pili. These characteristics are important for colonization and adhesion to mucins, glycoproteins found in airway mucus. neuraminidase activity for virion release to infect new cells. 36 Other mechanisms of negative association may be involved on IAV and Pseudomonas interaction. Recently, a study has suggested that bacterial lipopolysaccharide can interact directly with and destabilize influenza virion. 37 That possibility is a new approach to be considered on the fight against severe influenza infection.
Studies of the microbiome using samples from the URT of patients hospitalized with SARI require strategies to minimize bias that may exist, considering the short term of clinical course that characterizes influenza infection. The virus reaches the replication peak 48 hours post infection in the nasopharynx, and then viral replication decreases slowly during the 6 subsequent days until it reaches a viral load that is too low to be detected. 38 Thus, failure in the detection of IAV in clinical samples can be avoided if nasopharynx samples are promptly collected once the patient is hospitalized with SARI. In this study, most of the hospitalized patients exhibited a unique combination of comorbidities as well as behaviors such as smoking, which turned patients ineligible for the study. Because of those, the present study has a limited number of samples, which hampered multivariate analyses (age, sex, and outcome).
Our results suggest a trend that would need to be confirmed with a larger number of specimens to determine whether a specific microbiota in the URT that is associated with severity of disease indeed exists, such that could be predictive of poor outcomes in patients infected with influenza. On the basis of our findings, we suggest that the presence of Streptococcus is not necessarily indicative of poor outcome in IAV patients, but that shifts in its relative abundance, or even concomitance of its presence with the presence or absence of other specific species, may be. Our findings also suggest that in patients with SARI, Pseudomonas and IAV are not always found in association.
